Background: Pneumonia and urinary tract infections (UTIs) increase morbidity and mortality. There is little epidemiological evidence from large population-based studies on risk factors for these infections and subsequent mortality in total hip arthroplasty (THA) patients. Aim: To examine the risk factors of postoperative pneumonia and UTI after THA and their impact on survival.
Background
Although total hip arthroplasty (THA) procedures are considered beneficial and safe, complications, such as pneumonia and urinary tract infections (UTIs), still occur. In THA patients, short-term readmission or incidence rates due to pneumonia or UTIs are reported to be less than 2-5%. [1] [2] [3] [4] [5] Despite the low frequencies, pneumonia and UTIs are strenuous and may, especially in patients with a high comorbidity burden, be critical.
Pneumonia and UTIs are associated with increased morbidity and mortality. [6] [7] [8] [9] Both infections are seen more often in elderly persons and in persons with other comorbidities -and in patients who are in need of a THA. 8, 10 Pneumonia was, combined with submit your manuscript | www.dovepress.com
Dovepress

32
glassou et al influenza, the 9th most frequent cause of death in the US in 2010, 11 and the incidence of hospitalization with pneumonia has increased during the past years. [12] [13] [14] In the US in 2005, UTIs were responsible for 15.5% of infectious disease hospitalizations in citizens aged 65 years or older; this rate was exceeded only by pneumonia. 8 Additionally, UTIs were the most frequent hospital-acquired infection, primarily due to catheterization. 9 Development of infections such as pneumonia or UTIs are not without risks, and there is reason to believe that an infection in combination with the primary procedure only deteriorates the prognosis after THA.
Improved knowledge about the occurrence and risk factors for pneumonia and UTIs is, therefore, of importance in the individual risk stratification each clinician performs when counseling patients before a THA. Hence, the aim of this study was to identify the risk factors of postoperative pneumonia and UTIs after THA and their impact on subsequent patient survival.
Patients and methods
The Danish Hip Arthroplasty Register (DHR) formed the basis of the study. The DHR holds individual data including the diagnosis, primary procedures and revisions for all THA procedures performed in Danish public or private hospitals since 1996. 15, 16 The DHR is an example of high-quality, prospectively collected data suitable for population-based epidemiology studies. The completeness in 1994 was 97.8% for primary procedures. 17 Based on the unique 10-digit personal identification number (CPR) encoding age, sex and date of birth that all citizens in Denmark are assigned at birth, each procedure from the DHR was linked to the Danish National Patient Register (DNPR). Each record in the DNPR contains the patient's CPR number, information on treatment procedures, surgical procedures, and primary discharge diagnoses and up to 20 secondary discharge diagnoses on all inpatient admissions to Danish hospitals since 1977 and outpatient visits since 1995. 18 Diagnoses are coded according to the International Classification of Diseases (ICD), revision 8 from 1977 to 1994 and ICD, revision 10 thereafter. The primary procedures have further been linked to the Danish Civil Registration System (CRS). The CRS maintains records of residence and date of death of all Danish citizens from April 1968 and onward and is updated daily. 19 The CPR number acted as the identifier when establishing the final dataset. Standard cleaning and preparation of the dataset with the removal of implausible values were performed. The study protocol and analysis plan are available from the corresponding author upon request.
study population
We included all primary THAs from 2000 to 2013 due to osteoarthritis (OA) (Figure 1 ). 7,404 patients had operations on both hips (688 simultaneously). This corresponds to 14,408 (17%) of the 84,812 included THAs.
infections
Information about pneumonia and UTIs was collected using the DNPR. The following ICD codes were used: pneumonia: DJ12-DJ18; UTI: DN30.0, DN30.8 and DN30.9. As early postoperative infections in direct connection with surgery and hospitalization may be considered preventable, all cases of pneumonia and UTIs registered in relation to the primary hospitalization for THA or during a readmission within 7 days of the primary THA were included. The validity of the coding of both pneumonia and UTI in the DNPR has been examined in the Danish context. The positive predictive value for pneumonia was 90-93%. For UTIs, it was 77%. 20, 21 By looking at cases within 7 days, we focused on the very early postoperative infections directly connected to surgery and hospitalization.
risk factors for infections
Potential and available risk factors for pneumonia and UTIs are presented in Table 1 . Age at the time of THA was divided into five categorical groups: 10-49, 50-59, 60-69, 70-79 and 80+ years. Comorbidity was measured with the Charlson Comorbidity Index (CCI). 22 All primary and secondary diagnoses from hospitalizations and outpatient visits registered in the DNPR over a 10-year period before the primary THA 
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Tha and risk of pneumonia and UTi formed the basis of the CCI calculation. The CCI score was calculated by adding the points of each disease category for each procedure and was categorized into 4 CCI groups (CCI-none, CCI-low, CCI-moderate and CCI-high). Diabetes and chronic obstructive pulmonary disease (COPD) were included as specific comorbid conditions. Laterality as an indicator of the severity of OA was considered a potential risk factor. Structure-related risk factors were length of primary hospitalization (LOPH) and annual hospital volume. LOPH was divided into 3 groups (0-3 days, 4-7 days and 8+ days). An LOPH of more than 30 days was considered to be primarily a registration error and was recoded as 31 days. The annual hospital volumes were divided into the following groups: 1-50, 51-100, 101-200, 201-300 and >300 primary THAs per year based on the number of primary THAs due to OA in each hospital in the year of the procedure. Surgeryrelated risk factors were the duration of surgery, the type of fixation and the surgery approach. Duration of the primary procedure was categorized into 3 groups (<60 minutes, ≥60 to <120 minutes and ≥120 minutes). The type of fixation was divided into 6 groups, 3 for each of the implants. The acetabulum cup data were categorized as cemented cups with or without antibiotics and uncemented cups. The femoral stem was divided into cemented stems with or without antibiotics and uncemented stems. The surgery approach was divided into the posterior approach and anterior/lateral approaches. Information about the duration of surgery, the type of fixation and the approach were collected using the DHR.
Mortality
Information on all-cause mortality was obtained from the CRS. In an attempt to avoid immortal time bias during the first week (the period where patients develop infections), we looked at short-term mortality (the number who died between 8 and 90 days postoperation, given that the patient was alive on day 7) and long-term mortality (the number who died between 91 and 365 days after surgery, given that the patient was alive during the short-term interval).
statistics
We tabulated the characteristics of the study population in total and in relation to infection. Age and LOPH were described as medians with an interquartile range (IQR). The risks of pneumonia and UTI within 7 days of surgery were calculated as cumulative incidences with 95% confidence intervals (CIs) and death as a competing risk. A logistic regression model was used to examine the association between potential risk factors and pneumonia and UTIs. We estimated an odds ratio with 95% CIs for each potential risk factor mutually adjusted for all other potential risk factors. When analyzing the effect of diabetes and COPD, adjustments were made for all other diagnoses in the CCI. We calculated the short-term and longterm risks of mortality using a Cox regression model to obtain hazard ratios (HRs) for death with 95% CIs comparing THA patients with and without pneumonia or UTIs. The same covariates and analog categorization as in the examination of potential risk factors for infections were used in this analysis of association between infection and mortality.
The analyses were performed using the Stata Statistical Software (Release 12.0; StataCorp LP, College Station, TX, USA).
Ethics
Permission to process personal data was obtained from the Danish Data Protection Agency (reference number: 2012-41-0636). In Denmark, patient consent is not required in register based research; the permission from the Danish Data Protection Agency is sufficient.
Results
A total of 172 patients (0.2%) developed pneumonia and 235 (0.3%) developed a UTI within 7 days of surgery. In 5 procedures, both infections were present. The number of patients with infections stratified by demographic characteristics is shown in Table 1 . The median age was 69.8 years (IQR: 62.9-76.2) for patients without pneumonia or a UTI. The median age for patients with pneumonia was 75.8 years (IQR: 70.2-80.7) and was 74.0 years (IQR: 66.3-79.5) for patients with a UTI. Of the total population, 56% were females. For patients with pneumonia, the percentage of females was 42%. For patients with a UTI, the percentage of females was 71%. The median LOPH for patients without pneumonia or a UTI within 7 days of the primary THA was 5 days (IQR: 3-8), whereas the median LOPH for those with pneumonia was 4 days (IQR: 3-7). For patients developing a UTI, the median LOPH was 6 days (IQR: 4-8).
The cumulative incidence rates of pneumonia and UTIs within 7 days of the primary procedure were 0. 
risk factors for infection
The analyses of risk factors are presented in Table 2 
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Tha and risk of pneumonia and UTi in age or comorbidity burden increased the risk of infection, gender acted differently. Male gender was a risk factor for pneumonia and female gender was a risk factor for UTIs. Both diabetes and COPD were risk factors for pneumonia but not for UTIs. No association between laterality and the risk for UTIs or pneumonia was observed.
Few surgery or structural related risk factors were identified as risk factors for UTI. Duration of surgery of more than 60 minutes and a posterior approach increased the risk of UTI. LOPH of more than 3 days and a hospital volume between 101 and 200 procedures per year acted as risk factors for UTI. 
Mortality
Within the first 7 days of the primary THA, 113 patients died. Of those, 5 had pneumonia and 1 had a UTI. In total, 326 THA patients died between 8 and 90 days. Of those who died, 14 died after developing pneumonia and 2 died after developing a UTI. The short-and long-term mortality risks and corresponding HRs are given in Table 3 . The cumulative mortality within 7 days of the primary THA is illustrated in Figure 2 .
Discussion
Being 80 years or older and having a comorbidity burden at the time of surgery were risk factors for both pneumonia and UTIs. In addition, we identified male gender, diabetes and COPD as risk factors for pneumonia, and female gender, an LOPH of more than 3 days, prolonged duration of surgery and a posterior approach as risk factors for UTIs. Pneumonia within the first week of a THA was a risk factor for increased mortality up to 1 year after surgery.
Major strengths of this study were the size and the use of valid public medical registers and administrative databases. Because of the public health care system in Denmark, we examined patient characteristics in an unselected population. However, an information bias in relation to pneumonia and UTIs may still be present. Despite compulsory and reimbursement related registration in the DNPR, deficient coding during the primary hospitalization is possible but presumably not related to both the covariates and mortality. The risk estimates of pneumonia and UTIs found in our study can be considered as conservative estimates. Only cases diagnosed during a primary hospitalization of 7 days or less and cases requiring readmission within 7 days were included. Pneumonia and UTIs treated by the patients' local general practitioner (GP) were not included. With a median LOPH of 3 days during the total study period, there are presumably cases of pneumonia and UTIs in this category.
Comparisons of the cumulative incidence rates of pneumonia and UTIs after THA across studies are hampered by differences in study populations, study designs, study periods, and definitions of pneumonia and UTIs. In a large register base cohort study, Bozic et al found that pneumonia within 7 days of admission occurred in 0.9% of 250,000 THA patients who were 65 years or older registered in the Medicare Enrollment Database. 2 This rate is several times larger than the incidence observed in our study. The difference may, at least partially, be explained by differences in the study populations and variations in the registration practice and in the definitions of pneumonia. A comparable incidence of pneumonia was found by Huddleston et al. 3 Here, the authors found a 0.3% incidence rate of pneumonia during index hospitalization in 1,809 Medicare beneficiaries treated with THA when studying risk factors for a series of medical adverse events, including both pneumonia and UTIs. 3 For UTIs during index hospitalization, Huddleston et al found an incidence of 2.0%. 3 The incidence of UTIs observed in the present study was lower. It is very likely 
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Tha and risk of pneumonia and UTi that UTIs during the index hospitalization in our study are unrecorded. UTIs may, in many cases, manifest after discharge and therefore under the auspices of the patients' GPs. Another explanation may be differences in how a UTI was defined and how the data were captured. In the study by Huddleston et al, UTI was defined based on cultures and registered during a surveillance project determining the rates of adverse events. 3 A specific focus on adverse events may have led to an increased number of identified UTIs in the study by Huddleston et al.
Both internationally and in the Danish context, there has been an increase in the incidence of pneumonia-related hospitalizations. [12] [13] [14] In a Danish study, Søgaard et al found an increase in the proportion of first-time pneumonia-related hospitalizations after any surgical procedure within 30 days prior to the pneumonia admission. 12 The difference in the proportions amounted to 2.5% -from 3.9% in 1997-2001 to 6.6% in 2007-2011. 12 A direct comparison with the findings by Søgaard el al is difficult and primarily hampered by the difference in surgical procedures. However, we also observed an increase in pneumonia cases during the study period. Our findings indicate that THA patients are at a lower risk of pneumonia than surgically treated patients, in general. However, the tripling in the number of pneumonia cases may indicate that the direct relationship between pneumonia and THA is a growing challenge and, therefore, further research in this field is needed.
Age and comorbidities were of importance in predicting both pneumonia and UTIs after THA. It is well known that age and comorbidities act as risk factors for both infections. [7] [8] [9] 12 In relation to gender, our results are in agreement with what is seen in the general population; male gender is a risk factor for pneumonia and female gender is a risk factor for UTIs. 7, 12, 13 An LOPH of more than 3 days was identified as a risk factor for UTIs. Long hospitalizations may increase the risk of nosocomial infections but reverse causation cannot be ruled out. Frail patients have an increased risk of infections and therefore a prolonged hospitalization. The association between a shorter surgery duration and a reduced risk of UTIs after THA found in our study can be explained by the patients' earlier mobilization. In addition, shorter surgery duration may be related to the shorter use of catheters, which would reduce the risk of UTIs. We expected that prolonged surgery durations would be a risk factor of pneumonia. We do not have any clear explanations for this "missing" association aside from simple chance or early mortality in the most fragile patients before the development of pneumonia. In the unadjusted analyses, the posterior approach was a risk factor for both pneumonia and UTIs. After adjustments, only UTIs were affected. A reason for this phenomenon, although hypothetical, may be that the posterior approach requires a lateral position during surgery. A static lateral position over a prolonged period of time may affect both the respiratory passages and the lower urinary tract. Interestingly, our findings suggest a reverse association between the hospital volume and the risk of UTIs, although this relationship is not significant for all volume groups. One reason for this finding may be the more pronounced use of routine catheterization in large-volume hospitals.
Immobilization and catheterization during primary hospitalization may unquestionably be seen as independent risk factors. We know that enhanced recovery programs with the stated objective of mobilization within 4 hours after surgery are widely implemented in Denmark. 23 Despite this objective, THA patients of increased age and with a high comorbidity burden may be subjects of delayed mobilization, which affects the risk of both pneumonia and UTIs. Catheterization with both indwelling catheters and intermittent catheters is used in orthopedic departments in Denmark, but the extent is unknown, and more information on the use of catheterization is very much needed. Transfusion, American Society of Anesthesiologists physical status classification, body mass index and smoking could be additional relevant covariates in relation to both pneumonia and UTIs. [24] [25] [26] [27] [28] Unfortunately, information about these covariates was neither available in the DHR or the administrative databases nor obtained when planning the study.
Our findings of high mortality in patients who developed pneumonia may suggest that patients developing pneumonia within the first week after a THA are much more fragile and of worse general condition than patients without pneumonia, despite having the same risk pattern in relation to age, gender and their comorbidity burdens at the time of surgery. The increased long-term risk of mortality when developing pneumonia further emphasizes this hypothesis. After adjustments for gender, age and comorbidities, a 10-fold relative mortality risk in patients with pneumonia compared to patients without pneumonia seems strikingly high. Even though selection bias and unmeasured confounding partially explain this result, the finding calls for individual risk stratification before a THA. This may include involving a patient's history of pneumonia and COPD in the risk assessment before a THA and increased awareness about when pneumonia is developed. If a patient has a history of pneumonia or COPD, they may require special care during the hospitalization and early rehabilitation periods. 
Conclusion
The risks of pneumonia and UTIs within 7 days of the primary procedure were in general low; only approximately 5 out of 1,000 THA patients developed one of these infections. Age, gender and a comorbidity burden at the time of the primary procedure were the most important risk factors for pneumonia and UTIs. Pneumonia was associated with an increased mortality rate up to 1 year after surgery, despite adjusting for a number of potential confounders, including coexisting comorbidities before surgery. In particular, pneumonia may be a marker of increased fragility and unmeasured comorbidities.
